H2-1, depicting 95% homology in its ITS region with Pezicula sp., was isolated as an endophyte from Clidemia hirta and several novel bioactive metabolites were recovered from it. These compounds were purified from broth cultures of the fungus and their structures were determined by spectroscopic methods as (R)-5-hydroxy-2-methylchroman-4-one (1), 1-(2,6-dihydroxyphenyl)pentan-1-one (2) and (Z)-1-(2-(2-butyryl-3-hydroxyphenoxy)-6-hydroxyphenyl)-3-hydroxybut-2-en-1-one (3). Among all the three compounds, 1 exhibited potent cytotoxic activity in human leukemia cells, HL-60 (IC50 4 µg/ml). Interestingly, compound 1 also significantly induced G2 arrest of the HL-60 cell cycle. In addition, out of the three compounds, 2 and 3 were active against several bacterial pathogens, with IC50
Isolation of novel bioactive metabolites from the endophytic fungus
Pezicula sp. and their apoptotic potential (working title) 
Introduction:
Endophytes are microbial entities that live within living tissues of plants without any apparent deleterious consequences to their host . Endophytic fungi represent an outstanding source of bioactive natural products because there are so many of them occupying literally millions of unique biological niches (higher plants) growing in diverse environments.
Thus, it appears that these biotypical factors can be important for plant selection, since they may govern the novelty and biological activity of the products associated with endophytic microbes Porras-Alfaro and Paul Bayman, 2011) . The discovery of world's first billion-dollar anticancer compound (Taxol) was discovered in Taxomyces andreanae, a fungus that colonizes the Pacific yew, thus interest in studying such endophytes for their medicinal potential has grown tremendously (Stierle et al., 2003) . In recent years, endophytes have been most extensively studied for their ability to produce antibacterial, antiviral, anticancer, antioxidant, antidiabetic and immunosuppressive compounds (Gou et al., 2008) . In this report, we describe the isolation and characterization of three distinct natural bioactive metabolites with anticancer and antimicrobial activities.
Results and Discussion:
The endophytic fungus was isolated as described previously by (Ezra et al. 2004 ) from the plant tissues (small twigs) of Clidemia hirta found in Hawaii (Fig. 1) . The culture did not produce any spores, thus the microscopic identification was inconclusive. However, aquistion of the ITS-5.8S-ITS2 ribosomal gene sequence showed that the organism was phylogenetically related to Pezicula/Cryptosporiopsis, displaying the highest sequence similarity of 95% with Pezicula sporulosa and P. cinnamomea, and 94% with
Cryptosporiopsis diversispora. The evolutionary position of H2-1 is presented in (Fig. S3 C and 2D NMR spectral data in (Table 1 ) thus authenticating that the molecular formula of 1 was C10H10O3, which is similar, but not identical, to that of the known molecule 2,3-dihydro-5-hydroxy-2-methylchromen-4-one, (Gray et. al 1999) . It is to be noted that the absolute configuration of the stereogenic centre of methyl signal at C-2 position in compound 1 has not been established. The relative configuration of compound 1 was mainly elucidated from NOESY correlation as being compatible with computer modelling in which the close contacts of atoms in space calculated were consistent with NOESY correlation (Fig. 2 ). For instance, in the NOESY correlation, H-2 exhibited a correlation with H-3 indicating that these two protons (H-2 & H-3) and were situated in the same face and assigned as α-protons. From the above evidence, the relative configuration of the chiral carbon of compound 1 was assumed to be 2R* (See the spectral data in Supporting information S10). On the basis of all considerable spectral data analyses, we conclude that the structure of 1 as being was identified as (R)-5-hydroxy-2-methylchroman-4-one as a brownish colour semisolid.
The compound 2 was isolated as a colorless amorphous solid. The HR-EIMS exhibited the molecular ion peak at m/z 217.1034 [M+Na] + which waswere further authenticated by 13 C NMR spectroscopic data confirming that the molecular formula of compound 2 was C11H14O3. The IR spectrum of 2 suggested the presence of hydroxyl groups (3408 cm -1 ), and a conjugated ketone, 1677 cm -1 , respectively, while the UV spectrum possessed λmax values at 232, 274 and 324 nm. The 1 H NMR spectrum (Table 2 ) exhibited the presence of methyl signal at δ 1.01 (t, J = 7.6 Hz), and other three methylene functionalities resonating at The remaining substituent's are in a symmetrical arrangement because the usual meta coupling is missing (Table 2 ). An exchangeable proton at δ 9.39 (2H, s) indicated two phenolic proton hydrogen-bonded to a carbonyl group which was further authenticated by a peak at δ 207.6 in the 13 C NMR spectrum supporting the presence of a carbonyl group in compound 2.
13
C NMR (Table 2 ) signals for 11 Carbon atoms and the DEPT spectrum indicatedes the presence of one methyl, three methylene, three methines and four quaternary carbon atoms.
The COSY, HSQC and HMBC correlations enabled the construction of the pentan-1-one in the side chain which is attached to the aromatic nucleus ( Table 2 ). The remaining hydroxyl group substituents are based on the chemical shift of the relevant carbon atoms in the 13 C NMR spectrum. On the basis of all the relevant spectral data analyses, the compound 2 was characterized as 1-(2,6-dihydroxyphenyl) pentan-1-one ( Fig. 1 ). This compound is new as a natural product, although the similar skeleton of this compound was reported by (Dai et. al, 2006 ) except the one methlene substitution in the side chain had not been previously reported.
This is a perfect sentence explaining the findings.
Compound ( exhibited the dimmeric skeleton of reported compounds e.g. 3-hydroxy-1-(2,6-dihydroxyphenyl)-butan-1-one and 1-(2,6-dihydroxyphenyl)-butan-1-one, (Dai et. al., 2006) with except for a few exceptions in functionalities (Fig. 1) . The extended proton spin systems were identified, from H-4 to H-5, 6 and from H-4' to H-5', 6' in the 1 H-1 H COSY spectrum.
The carbonyl group C-7 (δC 183.7) and C-7' (207.8), from H-6 (δH 6.86), H-8 (δH 6.13) and H-6' (δH 6.41), H-8' (δH 3.13), H-9' (δH 1.77) to the ketone carbonyl indicated as the HMBC correlations (Fig. 2) . One signal, assigned to a trans configured double bond H-8 (δH 6.13), correlated with a carbonyl group C-7 (δC 183.7) and C-2 (δC 110.3) and C-10 (δC 20.6), which suggested the presence of a 3-hydroxybuten-one [−C(O)-CH-C(OH)-CH3] moiety located at C-2. The others substitution in the aromatic ring HMBC correlations of H-8' (δH 3.13) with C-7' (δC 207.8) and C-9' (δC 17.7), C-10' (δC 13.9) and of H-9' (δH 1.77) with C-10' (δC 13.9) and C-8' (δC 46.7) also revealed the existence of a 2'-oxobutane group [−C(O)-CH2-CH2-CH3] located at C-2'. The attachment of a hydroxyl group at C-9 was supported by the HMBC correlations of the hydroxyl proton (δH 12.47) with C-8 (δC 109.5) and C-1 (δC 160.6) which was further supported by the NOESY correlation data. Furthermore, the H-8 exhibited a correlation with H-10 indicating that these two protons (H-8 & H-10) were situated in the same face (See the supporting information S24). On the basis of key spectral lines of evidence, the structure of compound 3 was established as (Z)-1-(2-(2-butyryl-3-hydroxyphenoxy)-6-hydroxyphenyl)-3-hydroxybut-2-en-1-one.perfect!!
1. Inhibition of cancer cell proliferation by isolated molecules:
Using conventional tetrazolium based calorimetric assay (MTT assay), the cytotoxicity of the three isolated compounds (1-3) were evaluated in human myeloid leukemia cell line, HL-60, human pancreatic cancer cell line, MiaPaca-2 and human prostate cancer cell line, PC-3.
Among the three metabolites, compound 1 was the most cytotoxic in comparison to the other molecules. Compound 3 was not cytotoxic in all the above mentioned cancer cell lines (IC50>100µg/ml) whereas Compound 2 possessed a comparatively high (two to four times) the cytotoxic IC50 value in comparison to 1. Among three isolated molecules, 1 was the most cytotoxic with IC50 values of 4, 16 and 86 µg/ml in HL-60, MiaPaca-2 and PC-3 cells, respectively (Fig. 3) . Therefore, 1 was selected for further time dependent cytotoxic and apoptosis studies in HL-60 cells and there was a time dependeant decrease in the cytotoxic IC50 value of 1 (from 31 µg/ml to 4 µg/ml) in HL-60 cells (Fig. 3) .
Compound 1 altered whole cells and nuclear morphology:
Treatment of human leukaemia HL-60 cells with 1 at 10, 20 and 30 µg/ml concentrations caused cell wall deformation, shrinkage of cell size, nuclear condensation and formation of scattered apoptotic bodies while the nuclei of untreated cells remained round in shape as shown by arrows (Fig.   4a,b) . The number of apoptotic bodies increased with increased concentration of 1 in HL-60
cells. This revealed that 1 induced cell death through induction of apoptosis in HL-60 cells.
3. Compound 1 increases sub-G0 DNA fraction and G2/M arrest of cell cycle phase
distribution: HL-60 cells exposed to 10, 20 and 30µg/ml concentrations of 1 up to 24h exhibited continuous increase in sub-G0 fraction (<2nDNA) which may comprise both apoptotic and debris fraction implying together the extent of cell death (Fig. 4c) . Untreated cells showed 1% sub-G0 DNA fraction while 1 treated HL-60 cells have 50% and 78% sub-G0 DNA fraction at 20 µg/ml and 30 µg/ml concentrations, respectively. Interestingly, 1 also induces G2/M phase arrest of HL-60 cells cycle with concurrent rise in its concentrations.
Untreated cells show only 5% G2/M fraction which was raise up to 81% at 30µg/ml concentration of 1 (Fig. 4c) .
Antimicrobial activities:
All the three compounds (1-3) were evaluated for antimicrobial activities against a panel of important bacterial pathogens and the fungal pathogen, Candida albicans (Table 4) showed exclusive activity against Streptococcus pyogenes and very potent activity (IC50: 6 µg/ml) against P. fluorescens. Compound 2 showed significantly higher activities against B.
cereus, E. coli and S. aureus, though none of the compounds displayed any significant antifungal activity.
Conclusion:
In conclusion, the present results suggest that Compounds 1 exhibit strong apoptotic and cytotoxic potential in human leukaemia HL-60 cells, whereas compounds 2 and 3 were found potentially active against several pathogens representing both Gram positive and Gram negative bacteria. Further, compound 1 exhibited strong G2 arrest in HL-60 cells, therefore we are exploring its role in cyclin and cyclin dependeant kinase regulation, this work at will be reported separately. The metabolites described in this study have been reported for the first time from this group of fungi. However, several other bioactive metabolites, for example cryptocandin and cryptocin, have been earlier described from them. This indicates that the 
Fungal material and identification:
The endophytic fungus was isolated as described previously by (Ezra et al. 2004) . Plant tissues (small twigs) of Clidemia hirta, were thoroughly washed with running tap water, cut under sterile conditions into small pieces (2-3 cm) and surface sterilized with 1% sodium hypochlorite and 70% ethanol. Before the treatment with alcohol, traces of sodium hypochlorite were removed by washing the plant sample in sterile distilled water. The outer tissues were removed and the internal tissues were cut into small pieces of 0.5 to 1 cm and plated on water agar (Difco). The plates were incubated at 25°C for three weeks. Hyphal tips of the fungus, emerging out of the plant tissue, were picked and grown on potato dextrose agar (Difco) in pure culture. The culture was also for sequencing. All the reagents for sequencing were from Applied Biosystems, USA. The amplified product was sequenced and aligned with the sequences in the GenBank by BLASTN program (Altschul et al. 1997 ) to find out the sequence homology with closely related organisms. Sequences from the closely related organisms were downloaded a phylogenetic tree was constructed according to (Tamura et al. 2007 ). The ITS1-5.8S-ITS2
sequence was submitted to the GenBank under Accession Number JX683689.
Phylogenetic position:
The fungus was associated as an endophyte with Clidemia hirta. The culture did not produce any spores, thus the microscopic identification was inconclusive. Aquistion of the ITS-5.8S-ITS2 ribosomal gene sequence showed that the organism was close to Pezicula/Cryptosporiopsis displaying the highest sequence similarity of 95% with Pezicula sporulosa and P. cinnamomea, and 94% with Cryptosporiopsis diversispora. The evolutionary position of H2-1 is presented in (Fig. S1 in supporting information). As this organism dispayed a unique phylogenetic position, it was selected as a potential candidate for isolation of novel natural products.
Extraction and Isolation of compounds (1-3):
The 5 L of whole broth was homogenized with ethyl acetate (1 L) and filtered through a pad of Celite which was further extracted with ethyl acetate (1 L X 2). The crude extract was passed through the Na2SO4 and concentrated under reduced pressure in a rotary vacuum evaporator which afforded a dark brownish, oily residue (3.5 g). The 3 g extract was subjected to flash column chromatography on silica gel (230-400 mesh), using a stepwise gradient of hexane in EtOAc to yield fifteen sub-fractions Fr.1-15. Fraction 6-14 which was eluted at 10% EtOAc afforded 200 mg with the mixture of three compounds with the very close Rf values which was further purified by semipreparative HPLC using (C-18 Column, 5µ, 10 X 250 mm, isocratic H2O-CH3CN (7:3)
for 50 min, flow rate 1.0 mL/min, UV detection at 254 nm Table 3 
